Aims/Introduction. This study is aimed at (1) investigating the change of β-cell dysfunction as baseline fasting glucose progresses in newly diagnosed patients with T2DM and (2) finding whether body mass index (BMI) has different degrees of impact on insulin secretion as baseline fasting glucose progresses. Materials and Methods. 661 patients with newly diagnosed T2DM were enrolled in the present study. A 75 g oral glucose tolerance test was used to calculate HOMA-β, HOMA-IR, early-phase insulin secretion index (EISI, calculated as ΔI 30 /ΔG 30 ), and area under the insulin releasing curve (AUC I0-180 ). Patients were divided into low, medium, and high FBG groups. Each group was further divided into lean, overweight, and obese subgroups according to BMI. Results. A decrease of EISI and HOMA-β and an increase of HOMA-IR were shown among different FBG groups significantly. In the medium FBG group, AUC I0-180 , EISI, HOMA-β, and HOMA-IR in obese patients were higher than those in lean and overweight patients. In the low and high FBG groups, AUC I0-180 , HOMA-β, and HOMA-IR in obese patients were higher than those in other subgroups. BMI was positively associated with high EISI in the medium FBG group but failed to yield a significant association with EISI in the low and high FBG groups. Conclusions. During the progression of baseline FBG, β-cell dysfunction and insulin resistance worsened. As FBG increased, increased BMI had a positive influence on β-cell dysfunction in all FBG groups. The independent factors that correlated to EISI differed with the increasing of baseline FBG.
Introduction
Type 2 diabetes mellitus (T2DM) has become a major global public health concern, as its serious complications and morbidity rate increase worldwide. Both insulin secretion defect and insulin resistance are major mechanisms of T2DM. Islet β-cell dysfunction occurs at the early stage of the development of diabetes. A previous study found that the early and late phases of insulin secretion were decreased as fasting blood glucose (FBG) increased in nondiabetic people. When FBG is at 5.6 to 6.1 mmol/L, the early phase of insulin secretion has decreased to 50% of the maximum [1] .
Early-phase insulin secretion plays an important role in the development of diabetes. It reduces both postprandial blood glucose and the increase of insulin by inhibiting the production and output of hepatic glycogen and the secretion of glucagon. It also decreases the level of postprandial free fatty acids (FFAs) by restricting FFA release into the blood [2, 3] . In prediabetes, Weyer et al. found that insulin secretion defects have occurred, and the peak value of earlyphase insulin secretion can predict the occurrence of impaired glucose tolerance (IGT) and T2DM [4] .
Patients with T2DM are likely to combine overweight and obesity. Obesity causes insulin resistance and islet β-cell dysfunction. A recent study showed that waist-to-hip ratio was negatively correlated with both the early and late phases of insulin secretion among obese patients [5] . It is vital to correctly evaluate the pancreatic function of patients with diabetes to protect the residual pancreatic function through appropriate therapy, whereas whether BMI has different degrees of impact on insulin secretion in different levels of blood glucose as the FBG increases is still unclear.
Materials and Methods
2.1. Design and Participants. The present study was a crosssectional study of patients with newly diagnosed T2DM in the endocrine outpatient department of Chao-Yang Hospital. These patients were diagnosed with T2DM based on the 1999 World Health Organization (WHO) diagnosis criteria. Those who had not received any oral hypoglycemic drug and those who were treated for a short period of time but had discontinued at least 3 months before the enrollment were included in the study. The exclusion criteria were as follows: patients with a history of acute myocardial infarction, unstable angina, renal function impairment, liver function impairment, hematological diseases, chronic hypoxic diseases (emphysema and cor pulmonale), and infectious disease. Patients who did not complete the oral glucose tolerance test (OGTT) and had EISI ≤ 0 were also excluded. A total of 661 patients (389 male and 272 female) aged between 30 and 70 years were enrolled in the current study.
Measurements.
Height, weight, waist circumference, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured. BMI was calculated as weight (kg)/height (m 2 ). Laboratory indices included triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and hemoglobin A1c (HbA1c). A 75 g OGTT was used to evaluate insulin secretion function and insulin resistance among the patients. Blood glucose and insulin concentration were tested at 0, 30, 120, and 180 minutes through OGTT.
Insulin secretion function indices were calculated using OGTT results as follows: The baseline characteristics and insulin secretory index were compared among the three groups. Each group was divided into three subgroups according to BMI: lean (BMI < 24 kg/m 2 ), overweight (24 ≤ BMI < 28 kg/m 2 ), and obese (BMI ≥ 28 kg/m 2 ) subgroups.
Statistical Methods.
The study used SPSS version 21.0 for statistical analysis. Continuous variables with normal distributions were expressed as mean ± standard deviation (SD). The Student t-test and one-way analysis of variance (ANOVA) were applied to analyze the differences between the groups. Continuous variables that have abnormal distribution were given as median with a range of upper and lower quartiles and analyzed using a nonparametric test. Discontinuous variables were expressed as percentage and analyzed 
Results

Characteristics and Insulin Secretion Function among
Different FBG Groups. Baseline characteristics and insulin secretion function of the three different FBG groups have been summarized in Table 1 and Figure 1 . A significant increase of TG ( Multiple logistic regression analysis was performed to analyze factors that were associated with the early phase of insulin secretion (Table 2) . EISI was used as dependent variable and BMI, age, sex, DBP, TG, and FBG were used 4 .02 (2.91-6.04)) was noted among lean, overweight, and obese patients. However, EISI had no significant difference with increase in BMI. Logistic regression showed that FBG was negatively correlated with EISI (OR: 0.038; 95% CI: 0.330-0.970), whereas BMI had no obvious correlation with EISI (Table 4) .
For the medium FBG group, the comparison of baseline and insulin secretion functions is summarized in Table 5 and Figure 2 . As BMI increased, not only DBP (76:7 ± 7:6 vs. 80:2 ± 7:2 vs. 81:0 ± 9:9 mm Hg), TC (5:15 ± 1:24 vs. (Table 6 ).
In the high FBG group, a significant increase in DBP (78:0 ± 7:0 vs. 79:4 ± 9:0 vs. 83:7 ± 7:1 mm Hg), HOMA-β Figure 2 ). EISI had no significant difference among the groups. Logistic regression analysis was used to analyze factors associated with early-phase insulin secretion. After adjusting for DBP, TG, sex, and age, there was a significant negative correlation between FBG and EISI (OR: 0.664; 95% CI: 0.482-0.914), whereas there was no obvious correlation between BMI and EISI (Table 8 ).
Discussion
In the present study, during the progression of baseline FBG, β-cell function decreased and insulin resistance increased significantly in newly diagnosed T2DM patients. It suggested that in patients who already have T2DM, part of the compensatory capacity of islet secretion function is lost, and with the increase of FBG, the compensatory capacity becomes worse. Both insulin secretion defect and insulin resistance are major mechanisms of T2DM. It is well known that β-cell dysfunction has been present as hyperglycemia to exist in T2DM. The Belfast Diet study demonstrated that within 6 years after the diagnosis of 67 newly diagnosed type 2 diabetic patients treated with diet control, the decrease in β-cell function contributed more to T2DM. This study was conservative in treatment but found the relationship between insulin resistance and islet β-cell dysfunction in the natural progression of diabetes mellitus [6] . Similarly, the United Kingdom Prospective Diabetes Study (UKPDS) showed that the progressive nature of diabetes is that the function of β-cells continues to decrease while insulin sensitivity remains unchanged in people recently diagnosed with T2DM [7, 8] . The decrease of first-phase response of insulin release is a critical index related directly to the development of diabetes mellitus and was found consistently absent when fasting plasma glucose was over 115 mg/dL [9, 10] . In addition to HOMA-β, this study also used EISI as an important index to evaluate β-cell function. The current study found that HOMA-β and EISI decreased as FBG increased in patients with T2DM. The study showed a strong inverse relationship between β-cell dysfunction (HOMA-β and EISI) and FBG. A previous study among normal glucose tolerance (NGT), impaired glucose tolerance (IGT), and type 2 diabetes mellitus (T2DM) patients showed that the EISI of the T2DM group was significantly lower than that of the NGT and IGT groups [11] . And the secretion of glucagon-like peptide-l was positively correlated with EISI [11] . Jensen et al. also found that decreasing glucose tolerance was associated with decreasing EISI, and it was also identified when adjusting this measure for insulin sensitivity (EISI/HOMA-IR) in four ethnic groups (African-American, Asian-American, Caucasian, and Hispanic-American) [12] . Similar with the current study, another cross-sectional study in Korea analyzed by Kim et al. showed that EISI decreased significantly with increasing quartiles of HbA1C values, and the higher HbA1C was associated with impaired early-phase insulin secretion [13] . Whereas different from previous studies, our study examined subjects with newly diagnosed T2DM, and we assessed the potential difference of β-cell dysfunction during the period from fasting glucose processing.
The HbA1c levels were found significantly increased as FBG progressed in the current study. HbA1c is an indicator of average blood glucose for diabetic or nondiabetic patients. Similar with the result of our study, FBG and HbA1c were found to have a significant positive correlation in diabetic subjects [14] . However, HbA1c is not correlated with FBG in subjects without diabetes [15] . Some studies have shown that with the increase of HbA1c, the contribution of postprandial blood glucose excurses, while the contribution of FBG increses [16] [17] [18] .
In our study, a significant increase of AUC(I), HOMA-β, and HOMA-IR was found among lean, overweight, and obese patients at any level of the FBG group. Logistic analyses in the present study found that high EISI was associated with higher BMI. Obesity is one of the important factors for insulin resistance, and insulin resistance is the pathogenic basis of obesity and T2DM [19, 20] . Many studies have shown that adipose tissue of obese subjects results in insulin resistance and other metabolic dysfunction by releasing nonesterified fatty acids, glycerol, leptin, adiponectin, and proinflammatory cytokines, which interfere with the insulin signal transduction pathway and downregulate gene expression of insulin receptor substrates through different mechanisms [21] [22] [23] [24] . A study of Japanese [25] subjects with prediabetes indicated that insulin sensitivity (Matsuda index) was lower and EISI was significantly higher in obese subjects than nonobese subjects in each decile of 2-hour glucose level by OGTT. However, there was no significant difference in disposition index (EISI/HOMA-IR) between the nonobese and obese groups. A study in Korea with new-onset T2DM patients also reported that higher BMI was associated with higher early insulin response but associated with a lower disposition index [26] . In this study, we analyzed the function of insulin secretion in obese, overweight, and lean patients with newly diagnosed T2DM at different levels of FBG. The results suggested that the compensatory insulin secretion function in obese patients increased compared with nonobese patients with T2DM.
In the general subjects, we found that both FBG and BMI were independently associated with early insulin secretion. We further studied the factors that correlated to EISI of patients with different FBG levels and found that the factors independently related to EISI were different in specific baseline FBG groups. In patients with FBG ≥ 8:73 mmol/L and FBG < 7:50 mmol/L, FBG was the main factor associated with first-phase β-cell secretion function, whereas BMI was not the main factor affecting it. Increasing BMI has a significant positive effect on early-phase insulin secretion in patients with fasting blood glucose from 7.50 to 8.73 mmol/L, whereas FBG level has no significant correlation with early insulin secretion. Our findings indicated that at particular fasting glucose levels, obesity has a positive effect on pancreatic islet dysfunction.
Large numbers of subjects were needed to evaluate the relationship between β-cell function and increasing FBG and BMI to confirm our result. The present study was a cross-sectional study. Thus, follow-up studies are required to further evaluate the changes of β-cell function during the development of diabetes in such patients.
Conclusions
In conclusion, during the progression of baseline FBG, β-cell dysfunction and insulin resistance worsened in newly diagnosed T2DM patients. As FBG increased, increased BMI had a positive influence on β-cell dysfunction. The independent factors that correlated with EISI were different with the increasing of baseline FBG. 
